This paper analyzes the causal relationship between foreign ownership and various aspects of plant performance using micro data from the Indonesian Census of Manufacturing. It examines the implications of foreign ownership in two different contexts: foreign acquisitions and foreign privatizations. To control for the possible endogeneity of FDI decision propensity score matching is combined with a difference-in-differences approach. The results indicate that foreign ownership leads to significant productivity improvements in the acquired plants. The improvements become visible in the acquisition year and continue in subsequent periods. After three years, the acquired plants exhibit a 13.5 percent higher productivity than the control group. The rise in productivity is a result of restructuring, as acquired plants increase investment outlays, employment and wages. Foreign ownership also appears to enhance the integration of plants into the global economy through increased exports and imports. Finally, productivity improvements and evidence of restructuring are also found in the context of foreign privatizations.
Introduction
The conventional wisdom suggests that multinational companies are different from other firms.
They tend to operate in industries where intangible assets, such as patents, new technologies and well established brand names, play an important role. In fact, they are responsible for most of the world's R&D expenditure (UNCTAD 2005) . They tend to be heavily involved in international trade and often establish production and distribution networks spanning multiple countries or even continents. And perhaps more importantly, multinationals outperform their competitors at home as well as in host countries in terms of productivity.
The differences in characteristics of foreign affiliates and indigenous firms have been documented in numerous econometric studies.
1 But is the superior performance of foreign affiliates due to the intrinsic advantages of a ‗pushy' foreign parent company, or are foreign investors simply good at picking the best performing local plants as acquisition targets (the ‗gifted kids' in our metaphor)?
Recently, the application of sophisticated econometric techniques to longitudinal micro data has cast some doubt on an intuitive positive answer to the former question, often taken for granted by economists and policymakers. 2 As Harris and Robinson (2003) remark, if foreign ownership per se is not associated with a productivity advantage, -then it is difficult to see how foreign direct investment (FDI) can have a positive impact on overall (..) productivity and thus growth‖ in the host country. While the present analysis cannot provide an answer to the question of how foreign ownership affects firms that do not receive FDI, it is nonetheless hard to imagine positive spillover effects unless foreign ownership is beneficial to those plants that are directly affected.
The existing literature has focused mainly on the link between FDI and productivity neglecting the examination of other aspects of firm operations, which arguably are equally important. For instance, is 1 Aitken and Harrison (1999) found that foreign affiliates exhibit a higher productivity than domestic plants in Venezuela, Javorcik (2004) and Sabirianova et al. (2005) found the same pattern in Lithuania and the Czech Republic, respectively. Yasar and Paul (2007) show that foreign affiliates differ from Turkish plants in terms of productivity, size and wages paid. 2 Surveying the empirical literature, Barba Navaretti et al. (2004, Chapter 7. 3) stress that much of the available empirical evidence -supports a statistical association between foreign ownership and productivity, but not a causal link.‖ They further report that in those studies where a more careful analysis of causality was conducted -differences in productivity between the two groups of firms are smaller than in earlier estimations and often insignificant.‖ See Section 2 for a review of the literature.
there a causal relationship between foreign ownership and output growth, capital-and skill-intensity, reliance on export markets and imported inputs? If foreign ownership leads to a better performance, how does it happen? Is it related to restructuring, downsizing or lessening credit constraints?
This study analyzes a causal link between foreign ownership and different aspects of plant performance in Indonesia. Our analysis differs from the existing literature in three respects. First, rather than focusing on the narrow question of productivity, we consider a wider range of outcomes which can potentially be influenced by foreign owners. This allows us to understand what kind of changes are introduced (or not) by foreign owners and how they may translate into higher productivity. Second, we examine the implications of foreign ownership in two different contexts: foreign acquisitions and foreign privatizations.
3 Third, our analysis has an explicit focus on the direction of causality.
Disentangling correlation and causality in the context of foreign acquisitions and privatizations poses numerous challenges. If high productivity plants are chosen by foreign investors as acquisition targets, the ownership status becomes endogenous and a simple least-squares estimation invalid. This is why we use propensity score matching to assess the causal effect of foreign ownership on plant performance. The matching technique creates the missing counterfactual of an acquired plant had it remained under domestic ownership. It does so by pairing up each plant that will receive FDI in the future with a domestic plant with very similar observable characteristics operating in the same sector and year, where similarity is determined on the basis of those plant characteristics that have explanatory power in the acquisition decisions. Propensity score matching is then combined with a difference-in-differences approach. The causal effect of foreign ownership is hence inferred from the average divergence in the productivity paths between each acquired plant and its matched control plant, starting from the preacquisition year. This strategy allows us to control for observable and unobservable but constant differences between the acquired and the control plants. A similar challenge exists in the context of privatizations, and a similar solution is employed. Our difference-in-difference inferences on the matched sample comprise between 297 and 400 acquisition cases.
Our analysis, based on the plant-level data from the Census of Indonesian Manufacturing Plants, covering the period 1983-2001, shows that foreign ownership leads to significant and wide-ranging changes to plant operations and results in a higher total factor productivity (TFP) and a higher labor productivity. Our results suggest that the impact on productivity is a level rather than a growth effect.
Our analysis of acquisitions suggests that while better performing plants are more likely to be acquired by foreign interests, foreign ownership leads to a better performance in terms of TFP and labor productivity. The improvement is on the order of 13.5 percent for TFP and 63 percent for labor productivity. The productivity boost is achieved through restructuring involving an increase in the scale of production, hiring new labor, paying higher wages, massive investment in fixed assets, and in particular in machinery, and increased reliance on imported inputs and export markets. 4 Foreign ownership does not appear to affect capital-and skill-intensity. This suggests that new foreign owners may be introducing organizational and managerial changes that make the production process more efficient by reducing waste and using labor more effectively. Another possibility is that while foreign owners do not alter the skill composition of labor, they are able to attract the most experienced and motivated workers from local plants, which is in line with the observation that acquired plants hire a large number of new employees and raise the average wage. Yet another possibility is that the use of higher quality inputs or more suitable parts and components enhances productivity. This possibility is supported by the observation of FDI leading to a greater reliance on imported inputs. The positive effect of foreign ownership on plant TFP is found for acquisition targets which export while under foreign ownership as well as for those that do not so. This gives us confidence that our findings cannot be attributed to higher mark-ups producers may enjoy in export markets. It also suggests that FDI induces changes that go much beyond the creation of new markets for the plant's products. 4 Our results, pointing to profound changes taking place in FDI recipients, are consistent with anecdotal evidence (see Moran 2001 , Moran et al. 2005 , and Arnold and Javorcik 2009 ).
The results for foreign privatizations are broadly similar to those found in the context of foreign acquisitions. We find that foreign privatizations result in a better performance than domestic privatizations. Two years after the ownership change, foreign privatizations lead to a 27 percent TFP premium relative to domestic privatizations. The difference is even larger (54 percent) when labor productivity is considered. Foreign privatizations also result in higher output. In contrast to foreign acquisitions, foreign privatizations do not lead to higher employment. The lack of appetite of foreign owners for increasing employment may be due to the fact that publicly owned companies are often overmanned. Where foreign owners do make a difference is the average wage and the skill composition of labor. Foreign ownership leads to an 8 percentage point higher share of skilled workers.
The remainder of the paper is structured as follows. The next section reviews the existing literature. Section 3 outlines our empirical strategy for identifying the causal relationship of foreign acquisitions, while Section 4 describes the Indonesian Census of Manufacturing. Section 5 explains the details of propensity score matching and the difference-in-differences technique. Section 6 presents the main results and a set of robustness checks. Section 7 focuses on foreign privatizations, and the final section concludes.
Existing Literature
The existing literature focusing on the causal effects of foreign ownership on plant performance falls into two broad areas: studies examining the link between FDI and productivity and studies focusing on the implications for wages.
Starting with the former literature, the few studies examining the causal relationship between foreign ownership and firm performance have produced mixed conclusions. Harris and Robinson (2003) and Benfratello and Sembenelli (2006) , using data from the UK and Italy, respectively, find that foreigners tend to acquire the best performing local firms and that foreign ownership does not lead in general to an improved performance of the acquired firm. In contrast, Conyon et al. (2002) conclude that acquisitions have a positive effect on the labor productivity of the acquisition targets in the UK. A similar conclusion is reached by Girma and Görg (2007a) , who focus on food and electronics sectors in the UK and Griffith (1999) who considers the British car industry. The only study not set in a developed country context is by Djankov and Hoekman (2000) who focus on publicly traded firms in the Czech Republic and conclude that foreign ownership contributes to better performance.
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The second strand of the literature, dealing with the implications of foreign ownership for wages, also fails to produce a consistent message. Lipsey and Sjöholm (2004) pursue an instrumental variable strategy and find that foreign-owned establishments pay a higher price for labor of a given educational level, relative to domestic establishments in Indonesia, and that most of this wage differential is attributable to ownership rather than plant characteristics. Girma and Görg (2007b) , who focus on food and electronics sectors in the UK, find that acquisitions by US multinationals have sizable effects on skilled and unskilled wages. No such effects are found for acquisitions by European multinationals. Based on matched employer-employee data from Portugal, Almeida (2007) shows that foreign acquisitions of domestic firms have small effects on the human capital and on average wages of the acquired firms.
Instead, foreign investors tend to "cherry pick" domestic firms that are already very similar to foreign firms.
Our paper differs from the existing literature in two respects. First, we consider the causal implications of foreign ownership in two different contexts: foreign acquisitions and foreign privatizations. Second, rather than focusing on one outcome, we examine many different aspects of plant performance which shed light on the many dimensions in which foreign producers differ from indigenous ones.
Empirical Strategy
Our empirical strategy to assess the causal effect of foreign ownership on plant performance relies on three pillars. First, we focus on changes from domestic to foreign ownership taking place within the same plant. Naturally, this approach implies a substantial reduction in the number of plants considered. However, our data set is large enough that we are still left with a sufficient number of observations to generalize our results with confidence (we have between 297 and 392 acquisition cases, depending on the specification). Second, we use a difference-in-differences method to compare the performance of acquired plants with the performance of plants remaining in domestic hands. In this way, we eliminate the influence of all observable and unobservable non-random elements of the acquisition decision that are constant or strongly persistent over time. 6 This comparison, however, is still vulnerable to problems of non-random sample selection. To address the selection issue, we combine the differencein-differences approach with propensity score matching, which constitutes the third pillar of our empirical strategy.
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The propensity score matching technique controls for the selection bias by restricting the comparison to differences within carefully selected pairs of plants with similar observable pre-acquisition characteristics. Its purpose is to construct the missing counterfactual of how the acquired plants would have behaved had they not been acquired. The underlying assumption for the validity of the procedure is that conditional on the observable characteristics that are relevant for the acquisition decision, potential outcomes for the treated (FDI recipients) and non-treated plants (those remaining in domestic hands) are orthogonal to treatment status. 8 6 Conyon et al. (2002) and Görg (2007a, 2007b ) also use a difference-in-differences approach to examine within-plant ownership changes. The latter two papers additionally use propensity score matching. The other studies reviewed in Section 2 do not rely on either approach. 7 Apart from its original applications in labor economics, the matching estimator has become increasingly popular in causal analyses in other areas of economics. For instance, Arnold and Hussinger (2005) and De Loecker (2007) apply this technique to examine the relationship between firm productivity and exporting.. 8 Propensity score matching is particularly attractive in this application because the dimensionality of the observable characteristics is high, i.e. a number of variables have significant predictive power in determining whether a given plant will become an acquisition target. Rosenbaum and Rubin (1983) and Dehejia and Wahba (2002) demonstrate that the propensity score, i.e., the predicted probability of treatment, -provides a natural weighting scheme that yields unbiased estimates of the In the context of our study, the propensity score is the predicted probability of a plant receiving FDI. In constructing the pairs of observations matched on the propensity score, we make sure that the matched control observations are assigned only from the same year and the same sector as the acquired plant. This eliminates the possibility that differences in productivity or other aspects of plant operations observed across sector-year combinations exert influence on our estimated effects.
The combination of matching and a difference-in-differences approach means that we look for divergence in the paths of performance between the acquired plants and the matched control plants that had similar characteristics in the pre-acquisition year. The performance analysis begins in the preacquisition period and focuses on the (cumulative) change in performance over the following year and then each of the subsequent two periods. While matching accounts for differences in observable characteristics, its combination with difference-in-differences analysis provides -scope for an unobserved determinant of participation as long as it can be represented by separable individual-and/or time-specific components of the error term.‖ (Blundell and Costa Dias, 2000) .
Data
Indonesia is a suitable choice for studying the effects of FDI, as the country has received significant inflows of FDI during the last several decades. One of the key variables of interest is plant productivity. We measure total factor productivity (TFP) using a multilateral index suggested by Aw, Chen and Roberts (2001) . This index is an extension of the multilateral TFP index derived by Caves et al. (1982) . It allows for consistent comparison of TFP in plant-level data with a panel structure. 10 To guarantee that comparisons between any two plant-year observations are transitive, the index expresses each individual plant's output and inputs (capital, labor, materials and energy) as deviations from a single reference point. As the reference point, the index uses a hypothetical plant operating in the base time period (the first year of the data 1983) and having average input costs shares, average logarithm of inputs and average logarithm of output. The index is calculated separately for each of 66 manufacturing sectors, which is equivalent to the 4-digit ISIC level.
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More specifically, we use the following formula:
9 Since regional statistical offices in Indonesia have financial incentives to obtain the relevant information from all active firms, we can be reasonably confident that the entire manufacturing sector above the 20 employee threshold is included in our sample. The survey questionnaires can be accessed online at http://www.rand.org/labor/bps.data/webdocs/statistik_industri/si_main.htm. 10 This approach allows for flexible and heterogeneous production technology. A comparison of the robustness of five widely used productivity measures (index numbers, data envelopment analysis, stochastic frontiers, GMM and semiparametric estimation) suggests that the approach we chose tends to produce very robust results across the different experiments (see van Biesebroeck 2007) . 11 The industry breakdown was adjusted to eliminate inconsistencies caused by the fact that BPS had removed several sectors and introduced a few others into the classification during the period of interest. In such cases, plants were regrouped into the corresponding ISIC Rev. 2 industries. Two petroleum sectors (ISIC 3530 and 3540) were dropped from the sample because of a very small number of observations. Similar sectors with a small observation numbers were combined for the purposes of TFP calculation, which is performed on 66 rather than 74 sectors. For instance, as sector 3720 (Non-ferrous metal industries) came into existence only in 1990, we combined it with 3710 (Iron and steel industries).
where i denotes plant, t year, j type of input. Y denotes output, which is measured in real terms.
12 Inputs (X) include labor (number of employees), materials (real value of material costs), energy usage (real value) and capital stock. S denotes input shares, that is, the ratio of wage bill (or material or energy costs)
to output. The first term in the definition of the index expresses plant output in year t as a deviation from the mean output in that year, thus capturing information on the cross-sectional distribution of output. The second term sums the change in the mean output across all years and captures the shift of the output distribution over time by chain-linking the movement in the output reference point. The remaining terms repeat the exercise for each input j. The inputs are summed using a combination of the input revenue share for the plant (S jit ) and the average revenue share in each year as weights. Thus the index is a measure of the proportional difference in TFP for plant i observed in year t relative to the hypothetical plant in the base year.
The capital stock variable used in TFP calculation has been newly constructed using the perpetual inventory method, making use of detailed data on investment in land, buildings, machinery, vehicles and other fixed assets. 13 To each investment data series (land, buildings, etc.) we applied estimated depreciation rates from Harris et al. (1994) . 14 The capital share is obtained from the assumption of constant returns to scale. 15, 16 Given a substantial number of missing values in our data set, we are able to obtain TFP for about 200,000 plant observations. This number gives us a large choice of control units for our matching procedure.
A foreign acquisition is defined as a situation where a foreign ownership share increases above 20 percent. In practice, however, the exact value of the threshold does not matter much because in more than 99 percent of cases the foreign capital share in the pre-acquisition period is equal to zero. Similarly, in 95 percent of cases, the foreign ownership share in the year of acquisition is above 25 percent and in 78 percent of cases it is at least 50 percent. Ownership changes occur in each 2-digit manufacturing sector and in each year during the 1985-99 period.
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We perform our core analysis on a set of manufacturing plants that switched from domestic to foreign ownership and remain in the data sufficiently long to be observed two years before the acquisition, in the acquisition period and in two subsequent years. 18 When the outcome under consideration is labor productivity, output, employment or average wage, we are able to use data on 392
acquisitions. However, when TFP is the outcome of interest, we can consider only 297 cases due to missing observations for the information needed to calculate TFP for the five-year period surrounding the acquisition.
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[ Table 1 about here]
A Simple Empirical Model of Foreign Acquisitions
Foreign plants are typically different from domestic plants and tend to outperform them in a number of dimensions. In particular, our data reveal substantial performance premiums in terms of TFP, labor productivity, output and employment associated with foreign ownership. In addition, foreign plants tend to pay higher wages, invest more, use more capital-intensive production technologies, and export and 17 A breakdown of acquisitions across sectors and years, as well as the distribution of foreign ownership shares after acquisitions is available in the working paper version of this article (Arnold and Javorcik 2009) . 18 In the raw data, we start with 772 acquisition cases. This number drops to 392 due to missing observations on the variables required to obtain the propensity score. The variables required are those included in Table 2 . 19 The number of acquisition cases available also varies depending on the number of missing observations for other outcomes considered. Moreover, some variables were not included in the census in all years. For instance, information on capacity utilization and exports is only available for 1990-98 and 1990-99, respectively. To put these numbers into perspective, note that Conyon et al. (2000) find 129 cases of foreign acquisitions with sufficient data in a study analyzing a large developed country (the UK) and covering a five-year period .
import a larger share of their output and inputs. 20 However, these apparent differences say little about the direction of causality. We address the causality question by applying the matching estimator on withinfirm ownership changes, as described in Section 3. As a first step, we model empirically the transition of potential acquisition targets from domestic to foreign ownership. We do so by estimating a probit model of the binary outcome of a plant becoming acquired by foreigners, with observable plant characteristics as explanatory variables. All explanatory variables (except for age) are lagged one year and thus pertain to the pre-acquisition period. 21 We believe that observable characteristics are a good starting point as potential foreign investors rely heavily on basic observable information on plants, such as their age, size, employment composition, machinery and equipment available, productivity, etc. to narrow down the number of potential acquisition targets. They may also judge suitability of plants based on their reliance on imported inputs which may indicate the sophistication level of the technology used. Finally, the fact that an establishment has received a bank loan (and its magnitude) may also contain information on financial institutions' perceptions about trustworthiness and future prospects of an establishment.
The results from the acquisition model, presented in Table 2 , indicate that plants acquired by foreign investors differ systematically from other domestic plants. The model suggests that better performers in terms of the TFP level are more attractive to foreign investors. The coefficient on the TFP level is significant at the five percent level. To account for pre-acquisition trends in plant performance, the model also includes pre-acquisition TFP growth. The coefficient on this variable, however, does not appear to be statistically significant. We find that younger and larger (in terms of employment) plants are more likely to be acquired. The model allows for nonlinear effects of these two variables which indeed appear to be statistically significant. The data also show that plants with higher capital-labor ratios, exporters, plants engaged in sourcing inputs from abroad and plants with a higher fraction of white-collar employees tend to be more attractive to foreign investors. High capital-labor ratios appear to matter less for exporting plants. 20 See the working paper version (Arnold and Javorcik 2009 ) for some descriptive statistics about these differences. 21 In order to increase the precision of our model, we dropped all 4-digit sectors and all regions (kabupatens) in which no foreign acquisitions occurred during the whole period under study.
The probit model also includes investment outlays lagged one period. This ensures that matches assigned on the basis of the propensity score will be homogenous with respect to previous investment behavior, and hence eliminates the possibility that improvements observed after the ownership change may be due to investments undertaken by plants prior to or in preparation for a foreign acquisition. This variable, however, has a statistically significant negative sign.
To attenuate the possibility that the effect of FDI works purely through easing access to credit, the probit model also controls for the value of loan-financed investment (normalized by output), but the estimated coefficient does not reach conventional significance levels. Further, we find that plants with public ownership (as proxied by a dummy variable) are less likely to be acquired. Finally, the data show that the period of the Asian financial crisis (1997-99) was associated with an increase in foreign acquisitions.
[ Table 2 about here]
The predicted probability of becoming an acquisition target, or the propensity score, resulting from the model in Table 2 , forms the basis of our matching procedure. We use one-to-one nearest neighbor matching and impose the additional requirement that the matched plant observations come from the same sector and year.
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To assess how well the propensity score matching performs in our case, we perform a series of tests collectively known as the tests of the balancing hypothesis. 23 As there does not appear to be a consensus in the literature about which of the existing tests to use, we perform several tests whose description and results can be found in the Appendix. The first test applies the regression framework to the full sample (treated observations and all potential controls, not just those assigned based on the nearest-neighbor matching procedure) and indicates that there are no statistically significant differences between the treated and the control group in terms of plant characteristics, once the propensity score is 22 Our matching procedure is implemented in Stata 9 using a modified version of the procedure described in Leuven and Sianesi (2003) . The modifications were necessary to make sure that matched pairs come from the same year and sector. There are 74 distinct 4-digit ISIC sectors in our data within which matched pairs are assigned. In our matching procedure, we also exclude observations outside the common support. The common support is bound by the lowest propensity score of a treatment observation and the highest propensity score of a control observation. 23 For a description of various tests available see, for instance, Smith and Todd (2005) and Dehejia and Wahba (2002) .
taken into account, except for the share of imported inputs. 24, 25 The second test compares the sample means between the treated group and the group of controls actually assigned using the nearest-neighbor matching procedure. It indicates that there is no statistically significant difference in the means of all the variables included in the matching procedures (including the ratio of imported inputs) between the treated and the control group. The weakest result is found for the loan variable for which the hypothesis of no difference can only be rejected at the 8 percent level. 26 The third test is a Hotelling T 2 test of the joint null of equal means of all the variables. It is applied to the treated and the matched control group and shows that the hypothesis that vectors of means are equal for the two groups cannot be rejected.
Moreover, our matched pairs of plants are on average only 0.24 percentage points apart in terms of the propensity score, a measure that is theoretically bound between 0 and 100 percent. Although there is no established metric for a successful propensity score matching process, these observations give us confidence that our approach is capable of grouping together relatively homogeneous plants.
Results from the Difference-in-Differences Analysis on the Matched Sample (a) Productivity
The first outcome of interest is the TFP. As can be seen in Table 3 , our matching procedure performs very well with respect to this variable. The average TFP observed in the treated and control groups in the period when matches are assigned is 0.864 and 0.867, respectively. While the matched pairs start with almost identical productivity levels, their TFP diverges quickly. During the first year of foreign ownership, the acquired plants have the TFP level equal to 1.079 as opposed to 0.976 for the control observations. In the third year under foreign ownership, the figures increase to 1.215 and 1.083, 24 Note that in the robustness checks we show that our results continue to hold if we restrict our attention to plants not using any imported inputs. 25 An alternative test applied to the full sample, not reported to save space, follows Dehejia and Wahba (2002, appendix) . It splits the sample into 9 bands of the propensity score and within each band compares the means of plant characteristics between the treated and the control group. We do not find statistically significant differences between the treated and control group in terms of TFP level, TPF growth rate, employment, skilled labor share, average wage, imported input share, age, capital per worker and the loan-financed investment normalized by output. 26 To rule out any influence of this difference on our findings, we run an additional robustness check in which we match on a Mahalanobis measure constructed from the propensity score and information on the use of loans before the acquisition. We find that the results are robust to this alternative specification (see Section 6).
respectively. Both groups increase their TFP levels, but the increase is substantially higher for the acquired plants. This is clearly visible when we consider the average difference in TFP in the matched pairs, net of the average initial difference in the pre-acquisition period, reported in Table 3 as the average treatment effect on the treated (ATT). In the year of acquisition, the ATT is equal to 0.106, i.e., after taking into account the initial difference between the two groups, acquired plants have 10.6 percent higher TFP. In the second year under foreign ownership, the productivity advantage of acquired plants increases to 12.2 percent. By the third year it reaches almost 13.5 percent. All three effects are statistically significant at the one percent level.
Next we focus on labor productivity, defined as the logarithm of value added per worker, as an alternative measure of performance. The matched pairs exhibit very similar labor productivity levels in the pre-acquisition period. But as early as in the year of acquisition, the acquired plants have a 32
percentage advantage over the control observations. 27 By the last year considered the advantage increases to 63 percent suggesting that foreign ownership leads to a significant and steady boost to plant performance (see the lower panel of Table 3 ).
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[ Table 3 about here]
(b) Evidence of restructuring: changes introduced by foreign investors
If our findings of improved productivity following FDI are caused by foreign ownership, we would expect to observe foreign owners introduce other changes to plant operations. And, indeed, we find evidence that acquired plants undergo a deep restructuring process. We start by considering three outcomes: output, employment and the average wage paid by the plant (see Table 4 ). Acquired and 27 Note as the ATT is calculated for the log of labor productivity, the percentages reported in the text are obtained by taking the exponent of the ATT and subtracting one. 28 There are two potential sources of upward bias to our productivity estimates. First, our productivity measures do not take into account services inputs. If foreign ownership leads to higher purchases of services from the foreign parent, then our productivity measures will systematically overstate productivity gains in the acquired plants. Second, our analysis focuses on acquired plants that remained under foreign ownership for at least three years. Cases of foreign owners reselling their Indonesian plants to domestic owners a year or two after the acquisition might be a result of low productivity gains. To investigate this issue, we conducted a new matching exercise which included all acquisition cases (297 cases included in the top panel of Table 3 and 139 cases of short-lived acquisitions). In this exercise, we examined the effects of foreign acquisitions on plant performance treating cases of resold plants as if they had remained under foreign ownership for at least three years. The results presented in Table B in Appendix II suggest that foreign acquisitions lead to an improved performance (measured both in terms of TFP and labor productivity) but the magnitude of the effect is lower than that found in Table 3. control plants start with the same average output level, but while the acquired plants produce a higher level of output year after year, the control group experiences a small but steady decline in the level of output. 29 In the acquisition year, the difference between the two groups is equal to 64 percent. By the third year of foreign ownerships it increases to 101 percent. The ATT is statistically significant at the one percent level.
Foreign ownership also appears to lead to increases in the employment level and the average wage. Acquired plants hire extensively during the first two years under foreign ownership. Control plants also increase their labor force, albeit only slightly. After three years under foreign ownership, the acquired plants have 24 percent higher employment than the control group, after taking into account the initial difference between the two groups. In terms of wages, both acquired and control plants increase the average wage over time, but plants under foreign ownership do so considerably faster. A 31 percent difference in year of acquisition translates into a 41 percent difference two years later. 30 Both employment and wage differentials are statistically significant at the one percent level.
[ Table 4 about here]
Next we turn our attention to investment. Evidence of foreign investors bringing in new technologies and modern production lines would strengthen the finding of FDI leading to productivity improvements. In Table 5 , we examine two outcomes: total investment (which includes investment in land, buildings, machinery, vehicles and other fixed assets) and investment in machinery. In both cases, we find very large and statistically significant differences in behavior of acquisition targets and control plants. After taking into account the initial difference between the two groups, we find that acquired plants invest in general (or just in machinery) between twice and more than three times as much as plants remaining in domestic hands.
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29 Recall that our matches are assigned within the same 4-digit industry and year, thus this pattern cannot be attributed to considering different time periods for two groups. 30 This finding is consistent with the existing literature which has documented that foreign establishments tend to pay higher wages than domestic plants. See Lipsey and Sjöholm (2004) for a careful analysis of the Indonesian case. 31 The number of acquisition cases examined differs depending on the outcome considered. This is due to missing observations for a given outcome and not to the inability to find suitable control observations. We repeated all the exercises presented in this These findings suggest that foreign acquisitions lead to a substantial restructuring in acquired firms, which is consistent with the anecdotal evidence and with the experience of other regions in the world.
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(c) FDI and international production networks
Our results also indicate that foreign ownership affects participation of the acquired plants in international markets. As illustrated in Table 6 , in the pre-acquisition period control plans export a slightly higher share of their output, 23.6 percent, as compared to 22.3 percent for the future acquisition targets. While this share goes down a bit for the control plants, acquisition targets see a steady increase over time (29.6 percent two years after the acquisition and 33.4 percent in the following year). The difference between the two groups is not statistically significant in the year when FDI takes place. But it becomes significant at the one percent level in the following two years and reaches 10.3 and 13.9
percentage points, respectively.
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The increases in the production volume and the export share observed among acquired plants indicate an increase in the volume of exports. Two factors may be responsible for this phenomenon. First, sizable investments in new machinery observed in the acquired plants may lead to upgrading of the quality of products and thus make them suitable for export markets. 34 Second, foreign parents may integrate acquired plants into their worldwide production and distribution networks.
The introduction of new production lines may require higher quality inputs that need not be available locally. In that case, we would expect FDI to lead to an increased reliance on imported inputs, and the data indicate that this is indeed happening. While in the pre-acquisition period, both the treated and the control plants import about a quarter of their inputs, this figure jumps to 37.6 percent among subsection for the sample of acquired plants for which TFP is available. As the results we obtained were very close to those reported, we do not present them here. 32 See Arnold and Javorcik (2009) for examples of such anecdotal evidence. 33 The increase in the average export share is a result of both increased export intensity of previously exporting plants and of plants entering foreign markets for the first time after the acquisition. 34 Mexican plant-product level data suggest that future export product experience an increase in unit values prior to their introduction into export markets and that this increase is associated with higher investment outlays at the plant level (Iacovone and Javorcik 2008) . acquired plants in the year when FDI takes place. In contrast, reliance on imported inputs remains unchanged in the control group. Interestingly, this seems to be a one-time adjustment, as in the subsequent years the input share remains stable. Differences between the treated and the control group (equal to 10-11 percentage points) are statistically significant at the one percent level.
[ Table 6 about here]
(d) What foreign owners do not change or change little
The profound changes taking place in the acquired plants, documented so far, do not extend to all aspects of plant operations. Additional matching results, not reported to save space, show that FDI does not appear to induce increases in the skill intensity of the labor force (defined as the share of white collar workers in total employment) or the capital-labor ratio. Acquired plants register hardly any changes in the skill intensity of the labor force. The share of white collar workers actually contracts slightly, and the ATT never appears to be statistically significant. A similar picture emerges with respect to capital-labor ratio, which is relatively stable in both the treatment and control groups. Acquisitions appear to bring about a 2 percent decline in capital intensity, two years after the change of ownership, but the effects is not statistically significant (recall that both employment and investment are affected positively by FDI).
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How can we reconcile an increase in TFP, labor productivity and wages with no evidence of changes to skill composition or the capital-labor ratio? One possibility is that new foreign owners introduce organizational and managerial changes that make the production process more efficient by reducing waste, lowering the percentage of faulty product and using labor more effectively. 36 Another possibility is that while foreign owners do not alter the skill composition of labor, they are able to attract more experienced and motivated workers. 37 They may also substitute expatriate staff for local managers 35 See Arnold and Javorcik (2009) for these and other results that are discussed but not reported to save space. 36 A relevant example of organizational changes introduced by a foreign investor in its Chinese affiliate is presented in Sutton (2005) . According to the interviewed engineer, what mattered was not the obvious alternation to the physical plant, but rather inducing a shift in work practices. This shift involved a move away from traditional notions of inspection at the end of the production line to a system in which each operator along the line searched for defects in each item as it arrived and as it departed.
The idea of such constant monitoring was in part to avoid adding value to defective units. More importantly, this system allowed for a quick identification and rectification of sources of defects. One may wonder if the observed improvements in productivity attributed to foreign ownership are due to an increased capacity utilization. The evidence, however, suggests that capacity utilization plays a limited role. Information on capacity utilization is available in the Census for the 1990-98 period.
In the acquisition year and in the following year, we do not find a statistically significant difference in capacity utilization between the treated and the control group. In the last year considered, we observe a difference of 8 percentage points which is significant at the 10 percent level. Part of this difference is attributed to a better use of capacity among acquisitions targets and part is due to a worsening utilization in the control group.
(e) Is it only about easing credit constraints?
While the transfer of know-how and technology accompanied by improvements in management is a plausible explanation for the results presented so far, benefits from foreign ownership could also come from easier access to financing. It is possible that foreign investors pick plants that would have done well without foreign ownership, had they had sufficient access to credit. To address this possibility we accounted in the construction of the propensity score for the value of loan-financed investment (normalized by output) as well for the value of total investment undertaken by the plant during the year preceding a foreign acquisition (see Table 2 ). Our matching analysis is thus conditional on these two 38 Lipsey and Sjöholm (2004) find that foreign affiliates in Indonesia pay higher wages to workers with a given educational level than domestic producers. 39 Filer et al. (1995) found that in foreign-owned firms in the Czech Republic spent 4.6 times more than domestic firms on hiring and training. A study focusing on Malaysia also showed that foreign-owned firms provide more training to their workers than domestic enterprises (World Bank 1997) . 40 For instance, a lower percentage of faulty inputs translates into fewer final products that must be rejected at the quality control stage.
variables. However, to explore this issue further, we employ an alternative matching technique where we match plants on a Mahalanobis distance measure that consists of both the propensity score and an indicator for firms having a bank loan in the pre-acquisition period, identified on the basis of whether or not a plant was making interest payments. 41 The results, presented in Table 7 , support our earlier conclusion of foreign ownership leading to better performance. In all years, the effect of FDI is positive and statistically significant.
Next, we approach this issue from a somewhat different direction. Again we employ Mahalanobis matching, but this time the additional matching variable is the average investment per employee incurred during the post-acquisition period. This allows us to construct a new control group with the following characteristics: (i) similarity to the treatment group in terms of observable characteristics (considered earlier) prior to the acquisition, and (ii) similarity in terms of investment undertaken in the years under foreign investment is received. The logic behind this exercise is that if plants from the same industry with similar observable characteristics exhibit a similar investment pattern, something other than credit constraints should be responsible for a divergence in performance. The results from the difference-indifferences approach applied to this new control group suggest that credit constraints are unlikely to be responsible for the productivity boost associated with the change in ownership (see Table 7 ).
Finally, in non-reported results, we check whether the acquired plants experienced a larger increase in the amount of loan-financed investment than the control group. Again we use Mahalanobis matching, with the additional matching variable being the value of investment financed by loans (normalized by output) in the pre-acquisition period. Loan-financed investment (normalized by output) is also the outcome considered. We do not find a statistically significant difference between the acquired and the control plants. In sum, we conclude that the positive effect of FDI on the performance of acquired plants cannot be attributed to foreign owners lessening credit constraints of the acquisition targets.
[ Table 7 about here]
(f) Do productivity benefits accrue only to exporters?
The increase in productivity associated with foreign ownership could potentially reflect higher mark-ups that acquired plants may enjoy as a result of entering export markets. 42 To examine this possibility we split the acquired plants into two groups: (i) exporters: defined as plants that export at least 10% of their output in one or more years while under foreign ownership; and (ii) non-exporters defined as plants that do not export (or export less than 10% of their output) while under foreign ownership. Finding the productivity advantage only among exporters would support the mark-up story. The results, not reported to save space, indicate however that mark-ups are not driving the observed productivity pattern.
Foreign ownership appears to improve TFP in both exporting and non-exporting plants. The effects are statistically significant in all cases, and the performance differential between the acquired and the control group increases over time. Moreover, the boost to TFP appears to be larger among non-exporters (16.2 percent as opposed to 11.6 percent among exporters in the last year considered).
(g) Level versus growth effect
To examine whether the impact of FDI on plant productivity is a level or a growth effect, we focus on the change in the TFP index as the outcome variable. The results (not reported to save space)
suggest that the observed boost in productivity enjoyed by acquired plants is mostly a level effect. While in all post-acquisition years the treated plants experience a faster productivity increase than the control observations, the growth effect of foreign ownership is statistically significant only in the year of foreign ownership.
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42 This is because in the absence of perfect competition, the use of deflated sales as a proxy for output is problematic (see Klette and Griliches (1996) for a discussion). 43 Our finding of TFP improvement in acquired plants not being driven by presence in export markets is consistent with the results obtained by Baldwin and Gu (2003) for Canada. They show that entry into exporting leads to productivity improvements in domestic but not in foreign-owned plants and that increases in export intensity are associated with the same magnitude of productivity improvements in both types of producers. 44 This is consistent with the findings of Aitken and Harrison (1999) who compared productivity growth rates of domestic and foreign plants in Venezuela.
(h) Additional robustness checks
Two additional robustness checks are worth mentioning, even if we refer to our working paper version for the full results of these tests. First, we included the TFP level in the pre-acquisition period as an additional variable in a Mahalanobis distance measure, and match on this measure rather than on the propensity score alone. This creates homogeneous pairs with respect to pre-acquisition productivity. As before, the effect of foreign ownership is significant at the one percent level in all cases, and the magnitude of the effect is somewhat larger. Second, we restrict our attention to acquired plants whose TFP is observed in each of the 6 years starting with the ownership change, to verify that our results are valid even over a longer time horizon. The results suggest that foreign ownership has a lasting impact on the plant productivity: Acquired plants enjoy a 14 percent productivity advantage in the year of acquisition, which increases to 20 percent two years later and 24 percent in the sixth year of foreign ownership. The effect is statistically significant in all years considered.
Privatizations
By definition, an acquisition-regardless of the nationality of the acquiring firm-always involves a change in ownership. Hence it remains to be shown that it is not the change in ownership per se that drives our findings about performance improvements and restructuring. The only kind of variation in our data that enables us to separate out the effects of foreign acquisitions from a change in ownership involving no foreign investors can be found in privatization cases: Our data allow us to identify ownership changes from public owners to private owners, where some of the privatized firms were acquired by private domestic investors, while others were acquired by private foreign companies. 45 We exploit this variation to examine the causal effect of foreign ownership on the performance of privatized plants, conditional on the change in ownership that all privatization cases have undergone. We understand this as an additional test whether the positive effect of foreign acquisitions on plant performance is indeed driven by foreign ownership rather than a change in ownership in general. 46 We define a privatization as a change leading to the public (central and/or local government) ownership share dropping to less than 20 percent. As foreign privatizations we consider cases where foreign ownership share in the post-privatization period is at least 20 percent, consistent with the cutoff we used in other parts of the study. If what matters for plant performance is any change in ownership rather than the presence of foreign owners, we would expect to find no difference in performance between the two types of privatizations.
We apply a similar matching estimator to the privatization cased as the one used before for acquisitions. 47 The number of foreign privatization cases depends on the outcome considered and ranges from 80 for output, to 59 for TFP and 46 for export share. Due to the small number of potential controls, we do not impose a restriction that treated and control observations come from the same industry-year cell. Thus we should think of the outcome variable as the relative rather than absolute TFP index (recall that the index is defined relative to the average hypothetical plant in each industry).
As illustrated in Table 8 , the results obtained support the conclusion that foreign ownership rather than ownership change in general leads to productivity improvements. We find that foreign privatizations result in a better performance than domestic privatizations. Two years after the ownership change, foreign privatizations lead to a 27 percent TFP premium when compared to domestic privatizations. The 46 Ideally, we would like to compare our results to the effects of domestic acquisitions on plant performance. Unfortunately, our data do not allow us to identify domestic acquisitions. Using other sources we were able to identify a handful of domestic acquisitions and found that they were associated with a deterioration rather than an improvement in plant performance (see Appendix in Arnold and Javorcik 2005 ). This view is also supported by the evidence from Malaysia presented by Fauzias and Shamsubaridah (1995) who find a statistically significant decline in the performance (measured in terms of earnings per share and return to capital) of establishments acquired by domestic companies. Finally, Conyon et al. (2002) document a positive effect of foreign acquisitions on labor productivity in the UK but fail to find a similar effect of domestic acquisitions. 47 The empirical model is not reported here but available in the working paper version. To obtain the propensity score, we model foreign privatizations (as distinct from domestic privatizations) as a function of pre-privatization TFP, plant size (measured in terms of employment), age and age squared, capital-worker ratio, reliance on imported inputs, investment, skill intensity, average wage, exporter dummy, exporter dummy interacted with capital-worker-ratio, time trend and a dummy for crisis years. The model indicates a significant positive link between TFP, plant size, exporter status, reliance on imported inputs, average wage and foreign privatizations. The model satisfies the balancing hypothesis.
difference is even larger (54 percent) when labor productivity is considered. In all years, the effects are positive and statistically significant.
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[ Table 8 about here]
Furthermore, we find evidence of more intense restructuring in the case of foreign, as compared to domestic, privatizations. As evident from Table 9 , foreign privatizations result in higher output. The divergence in output between the two types of privatizations is already visible in the year of ownership change and continues for the following two years. In all the years, the effect is statistically significant. In contrast to our results on foreign acquisitions, foreign privatizations do not appear to lead to higher employment. Foreign privatizations are characterized by rather stable employment, as opposed to a small increase registered in the case of domestic privatizations. The difference between the treated and the control group is not statistically significant in any of the years considered. The lack of appetite of foreign owners for increasing employment may be due to the fact that publicly owned companies are often overmanned.
Where foreign owners do make a difference is the average wage and the skill composition of labor. There is a steady divergence in the average wage between privatizations with foreign and domestic interests. Employees of plants undergoing foreign privatizations receive on average a 46 percent higher wage in the year of ownership change, when compared to their counterparts in plants privatized without FDI. Two years later the difference reaches 80 percent. In all years, the effect is statistically significant at the one percent level. This difference appears to come from the changing composition of the labor force.
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In the case of foreign privatizations, we see a steady increase in the share of white collar workers in total employment. In domestic privatizations, the opposite trend is registered. The results in Table 9 indicate that foreign ownership leads to an 8 percentage point higher share of skilled workers. This effect is statistically significant in the first and second year following the privatization.
The privatization analysis leads to other interesting observations which we describe only verbally to save space. There is no statistically significant difference between foreign and domestic privatizations in terms of investment and export share, which contrasts with the results for acquisitions. In other respects, our results are similar to those obtained when studying foreign acquisitions. Foreign ownership does not appear to lead to a higher capital intensity, higher capacity utilization or faster TFP growth. It leads to a greater reliance on imported inputs, though the effect is statistically significant only in the last year considered.
[ Table 9 about here]
Conclusions
A large empirical literature searches for a link between foreign direct investment and economic growth that goes beyond the contribution of multinationals to investment in physical capital. Implicit to this analysis lies the assumption that foreign ownership per se brings some intangible advantages that enhance economic growth and whose proximity can be beneficial to domestic producers. If, however, foreign investors are mainly good at choosing the best domestic firms as acquisition targets, this assumption may not hold true.
This study aims to shed some light on this issue by examining the causal relationship between foreign ownership and plant performance in a Census of Indonesian Manufacturing Plants. We identify causality by controlling for the possible endogeneity of plant ownership status, using a difference-indifferences approach in combination with propensity score matching. Our analysis differs from the existing literature in three ways. First, rather than focusing on the narrow question of productivity, we consider a wider range of outcomes that can potentially be influenced by foreign owners. This allows us to understand what kind of changes are introduced by foreign owners and how they may translate into higher productivity. Second, we examine the implications of foreign ownership in two different contexts:
foreign acquisitions and foreign privatizations. While comparing these settings is interesting in its own right, obtaining consistent findings from both gives us confidence that we are drawing the right conclusions from our findings. Third, our analysis has an explicit focus on the direction of causality.
Our results can be summarized as follows. First, the evidence on foreign acquisitions shows that foreign ownership leads to significant productivity improvements in the acquired plants. The improvements become visible in the acquisition year and continue in subsequent periods. After three years, the acquired plants exhibit a 13.5 percent higher productivity than the control group. The rise in productivity is a result of restructuring, as acquired plants increase investment outlays, employment and wages. Foreign ownership also appears to enhance the integration of plants into the global economy through increased exports and imports. Second, productivity improvements and evidence of restructuring are also found in the context of foreign privatizations.
Many developing countries strive to attract FDI inflows in the hope of stimulating economic growth through knowledge transfer. Our results strengthen the view that foreign ownership per se lies at the root of substantial benefits for plant performance in Indonesia and other developing countries. This finding is important, as the existence of a positive direct effect is a precondition for knowledge spillovers from FDI. Although the evidence of such spillovers is mixed (Haddad and Harrison 1993, Aitken and Harrison 1999) , some studies with a focus on vertical spillovers have identified positive effects of FDI further down the value chain (Javorcik 2004) , also in Indonesia (Blalock and Gertler 2008) . Such spillover effects, however, would be hardly credible if there was not a causal link between FDI and above-average performance. This paper has provided evidence that foreign ownership can indeed be at the root of high performance in developing economies such as Indonesia. The table reports probit coefficients followed by standard errors in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level, respectively. The model includes an intercept which is not reported. The first two lines present the outcomes observed in the given time period. Average Treatment Effect on the Treated (ATT), bootstrapped standard errors in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level, respectively. The first two lines present the outcomes observed in the given time period,, followed by the Average Treatment Effect on the Treated (ATT), with bootstrapped standard errors in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level, respectively. The first two lines present the outcomes observed in the given time period,, followed by the Average Treatment Effect on the Treated (ATT), with bootstrapped standard errors in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level, respectively. The first two lines present the outcomes observed in the given time period,, followed by the Average Treatment Effect on the Treated (ATT), with bootstrapped standard errors in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level, respectively. The additional matching variable in the top panel is a dummy taking on a value of one if a plant was making interest payments in pre-acquisition (matching) period, and zero otherwise.The first two lines present the outcomes observed in the given time period,, followed by the Average Treatment Effect on the Treated (ATT), with bootstrapped standard errors in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level, respectively. The first two lines present the outcomes observed in the given time period,, followed by the Average Treatment Effect on the Treated (ATT), with bootstrapped standard errors in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level, respectively. The first two lines present the outcomes observed in the given time period,, followed by the Average Treatment Effect on the Treated (ATT), with bootstrapped standard errors in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level, respectively.
Appendix I: Balancing tests
The first test examines the balancing hypothesis by regressing each variable included in the propensity score on the quartic function of the propensity score and its interactions with the treatment dummy. The statistic of interest pertains to the null that the coefficients on all of the terms involving the treatment dummy are equal to zero. Essentially, the test examines whether the treatment dummy provides any information about the explained variable, conditional on a quartic in the estimated propensity score. If the propensity score satisfies the balancing condition, it should not. The test is applied to the sample of the treated observations and all potential controls. In the table below, the results of the test appear under the heading of regression approach.
The second test is the simple t-test of the equality of means between the treated group and the matched control group.
The third test is a Hotelling T 2 test of the joint null of equal means of all the variables. It is applied to the treated and the matched control group. 
